INTRODUCTION
============

An essential aspect of critical care is the ability to secure the airways of different types of patients. Sometimes practitioners encounter patients who require an alternative airway device rather than a conventional laryngoscope. Successful intubation in these patients depends on the selection of the most appropriate airway device and the practitioner\'s ability to use the device properly. In the last few decades, many alternative airway devices have been developed. Most practitioners are unlikely to become proficient in all of these devices given the time constraints. Since the degree of training and familiarity with the device is important for successful airway management, the ideal alternative airway device should be intuitive to use, therefore allowing the practitioner to gain expertise after only a few trials \[[@B1][@B2]\]. The Clarus Video System (CVS; Clarus Medical, Minneapolis, MN, USA) is a recently introduced optical stylet that is equipped with a semi-rigid tip and an on-board monitor. Owing to its distinctive semi-rigid tip, it does not require alignment of the oral-pharyngealtracheal axes or neck extension. Several studies have shown that it is effective in both normal and difficult airway situations \[[@B3][@B4][@B5][@B6]\], and that it is useful in various clinical settings \[[@B5][@B7][@B8][@B9]\]. Although the CVS has the potential to be an ideal alternative airway device, the learning curve is not clear. Therefore, the aim of this study was to evaluate the CVS learning curve of inexperienced practitioners.

METHODS
=======

Our Institutional Review Board approved this study and written informed consent was obtained from each participating patient. All consecutive patients between the ages of 21 and 65 years who had an American Society of Anesthesiology Physical Status of I or II, and who were scheduled for elective surgery that required tracheal intubation between May 2012 and July 2012, were included in this study. Patients with a known history of difficult intubation, a small mouth (\< 3.5 cm when open), a Mallampati score of ≥ 3, a body mass index of \> 30, and/or an increased risk of gastric aspiration were excluded.

Two novice practitioners (A and B) performed the endotracheal intubations. Neither had any previous experience in CVS or other types of alternative airway device utilization, although both had at least 1 year of experience in anesthesia.

Standard monitoring techniques, including electrocardiography, non-invasive blood pressure, and pulse oximetry, were applied. Prior to inducing anesthesia, the Mallampati score, maximal inter-incisor distance, and thyromental distance were assessed with the patient in the sitting position, with the mouth opened as wide as possible, and the neck extended. Following preoxygenation with 100% oxygen for 3 min, anesthesia was induced with propofol 2 mg/kg and sevoflurane 4 vol%. After securing adequate mask ventilation, rocuronium 0.6 mg/kg was administered intravenously. Full neuromuscular blockage was confirmed with a nerve stimulator by train-of-four. Endotracheal intubation was attempted using the CVS with a preloaded endotracheal tube (7.5 mm internal diameter for women and 8.0 mm internal diameter for men). The chin-and-tongue lift maneuver by the operator was allowed during the procedure \[[@B6]\]. External airway manipulation, such as the backward, upward, and right-sided pressure maneuvers, or the modified jaw thrust maneuver by an assistant, was not permitted \[[@B10]\]. When the tip of the CVS was inserted into the mouth and once the epiglottis was visible, the tip was threaded under the epiglottis. The tip of the CVS was carefully advanced into the glottic aperture with direct visualization of the vocal cords, after which the operator slid the endotracheal tube into the trachea. The intubation time was defined as the time from opening the patient\'s mouth to the time the position of the endotracheal tube was confirmed by capnography. Three intubation attempts were allowed for each patient. An attempt was stopped if the intubation time exceeded 3 min or if arterial desaturation (SpO~2~ \< 90%) developed before intubation could be accomplished. When an intubation attempt failed, the airway was managed with an appropriate method by an attending anesthesiologist and the reason for the failure was noted. The time required for intermittent mask ventilation between the individual attempts was subtracted from the total time. Total time to successful intubation, the number of intubation attempts, the ease of use in each step of the intubation, and adverse events were recorded. The intubation steps comprised: insertion in the oropharynx, visualization of the epiglottis, placement of the stylet under the epiglottis, identification of the vocal cords, advancement into the glottis aperture, and maneuverability of the tracheal tube. The ease of use was classified as excellent, good, fair, or poor. Airway complications such as dental trauma, lip laceration, and mucosal bleeding, and equipment malfunction were also recorded. The study protocol was divided into the learning phase (the first 10 patients for each practitioner) and the standard phase (the remaining 20 patients for each practitioner). The learning and standard phases were further subdivided into six subphases (L1-2 and S1-4, respectively), each of which comprised five patients. All data were presented as mean ± SD (range) or numbers. Normal distribution was assessed by using the Kolmogorov-Smirnov test. To test differences between patient groups, t-test, Mann-Whitney U test, and Kruskal-Wallis test with post-hoc analysis with Bonferroni correction were used, as appropriate. To compare patient groups in terms of success rate at the first attempt, Fisher\'s exact test or the Chi-squared test was utilized. All statistical data were analyzed using the Statistical Package for Social Sciences 20.0 (IBM Corp., Armonk, NY, USA). P-values \< 0.05 were considered statistically significant.

RESULTS
=======

In total 60 patients were enrolled in this study. The demographic and clinical characteristics of the patients are presented in [Table 1](#T1){ref-type="table"}.

The two practitioners performed 30 endotracheal intubations each. Intubation was successful in all patients. In 51 patients, the intubation was accomplished on the first attempt. Seven patients required two intubation attempts (A = 4, B = 3), and two patients required three intubation attempts (A = 2, B = 0). The total time to intubate was not significantly different between the two practitioners in both learning and standard phases. [Figure 1](#F1){ref-type="fig"} shows the sequence of intubation time and the number of attempts by each practitioner as experience increased.

The learning phase and standard phase differed significantly in terms of success rate at first attempt, number of total attempts, and intubation time (P = 0.049, 0.019, and \< 0.001, respectively, [Table 2](#T2){ref-type="table"}). In the learning phase, intubation time took significantly longer in subphase L1 than that in subphase L2 (P = 0.011). Number of attempts did not differ between the L1 and L2 subphases. Among the four subphases of the standard phase, no statistically significant differences were found with regard to the number of attempts and intubation time.

Ease of intubation at each step of the procedure is summarized in [Table 3](#T3){ref-type="table"}. The reasons for failure at the first or second attempt comprised secretions preventing a view of the glottic aperture (n = 5), failure in maneuverability of the tracheal tube (n = 3), failure to advance the tracheal tube into the glottis aperture (n = 1), difficulty in visualization of the epiglottis (n = 1), and fogged lens (n = 1).

There was no cases of dental trauma, lip laceration, or mucosal bleeding recorded for any of the enrolled patients. Furthermore, no episodes of desaturation or esophageal intubation occurred during the procedures.

DISCUSSION
==========

The results of our study demonstrate that only 10 experiences of intubation are sufficient as a learning process for the proper use of the CVS. Success rate at first attempt, intubation time, and number of attempts significantly improved after 10 experiences of intubation. Our results suggest that the CVS requires a relatively smaller number of experiences as a learning curve for inexperienced trainees compared with other alternative airway devices.

Although numerous alternative airway devices have been introduced, considerable training is imperative for proper utilization. Fiberoptic bronchoscopy, the current gold standard for difficult airway management, requires a considerable amount of training and skill to perform \[[@B11]\]. The learning curve for fiberoptic bronchoscope intubation in normal airways has been reported to be approximately 40 intubations \[[@B12]\]. Furthermore, the mean intubation time associated with fiberoptic bronchoscopy after proficiency has been achieved is between 50 and 120 s \[[@B13][@B14][@B15]\]. The utilization of the video laryngoscope is easier to learn than the fiberoptic bronchoscope due to its similarities with the conventional laryngoscope \[[@B16]\]. However, bulky blades of video laryngoscopes may hamper maneuverability in patients with limited mouth opening \[[@B17][@B18]\]. Bonfils fiberscope is a rigid optical stylet with a fixed tip angle of 40° \[[@B19]\]. Several studies suggest that 20 intubations provide sufficient experience for clinical use of Bonfils fiberscope in normal airways \[[@B19][@B20]\]. After becoming proficient in the use of the Bonfils fiberscope, the mean intubation time is between 30 and 80 s \[[@B19][@B20][@B21][@B22]\]. However, the fixed angle of the tip could make it difficult to negotiate the oralpharyngeal-tracheal axes \[[@B6][@B23]\].

The CVS is an evolved form of optical stylet because it is equipped with a semi-rigid malleable tip and an embedded monitor. Unlike the fixed tip of the Bonfils fiberscope, it has an adjustable tip angle. This may help to increase the chance of successful intubation \[[@B6]\]. Our study showed that only 10 experiences were needed to gain proficiency in use of the CVS and the mean intubation time with the CVS after the tenth intubation was just 24.6 s. These values are considerable shorter than those of alternative airway devices. These results agree with those of previous studies that demonstrated a relatively short intubation time with the CVS, that this device is easy to use, and that it is associated with a high intubation success rate in various airway situations, including difficult airways and intubations for one-lung ventilation \[[@B5][@B6][@B7][@B8][@B9]\].

Of the 60 consecutive patients in this study, nine required two or more intubation attempts. Six of those nine patients were in the learning phase. Most of the failures were easily corrected during subsequent attempts. Secretions were reported as the main cause of failed intubation. Several other studies also found that a key limiting factor in the performance of successful intubation is view impairment due to excessive secretion and tissue contact \[[@B19][@B23]\]. Subjective assessment of the handling of the CVS showed that the most difficult step was placing the stylet under the epiglottis. When there was insufficient retropharyngeal space, we used the chin-and-tongue lift maneuver to lift the epiglottis above the posterior pharyngeal wall. If this maneuver failed to resolve the problem, we could have employed the backward, upward, and right-sided pressure maneuver, or the modified jaw thrust maneuver by an assistant \[[@B6]\]; however, neither of these maneuvers were permitted in our study protocol. Our study had several limitations. First, we only enrolled two practitioners. Although the findings of this study are apparent, potential bias could have occurred due to this small number of practitioners. Second, the two practitioners in this study had been trained for at least 1 year in the use of the direct laryngoscope and were familiar with airway anatomy. Therefore, our findings cannot be extrapolated to physicians or paramedical personnel lacking training in the anatomy of the oral airways. Third, we did not evaluate patients with an expected or simulated difficult airway. Therefore, our results cannot be applied to this subgroup of patients. Further studies are required to evaluate the learning curve of the CVS in patients with difficult airways.

CONCLUSIONS
===========

In conclusion, we found that 10 intubation experiences were sufficient to learn the proper use of the CVS without resulting in orodental trauma. The fast learning curve associated with the CVS and its usefulness in various airway situations suggest that its clinical role in airway management may increase in the future.
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###### Demographic characteristics of patients enrolled in the study
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Values are mean ± SD or number.

ASA, American Society of Anesthesiologists.

###### Comparison of success rate at first attempt, total number of intubation attempts, and intubation time between learning and standard phases
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Values are mean ± SD (range).

^a^Comparison between L1 and L2; ^b^Comparisons between S1, S2, S3, and S4.

###### Subjective assessment of intubation conditions (n = 60)
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Values are numbers (%).
